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(57) ABSTRACT 

This invention relates to compounds having pharmacologi 
cal activity, to compositions containing these compounds, 
and to a method of treatment employing the compounds and 
compositions. More particularly, this invention concerns 
certain non-imidaZole tertiary amine derivatives and their 
salts and solvates. These compounds have H3 histamine 
receptor antagonist activity. This invention also relates to 
pharmaceutical compositions containing these compounds 
and to a method of treating disorders in Which histamine H3 
receptor blockade is bene?cial. 
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NON-IMIDAZOLE TERTIARY AMINES AS 
HISTAMINE 3 RECEPTOR INHIBITORS FOR THE 

TREATMENT OF COGNITIVE AND SLEEP 
DISORDERS, OBESITY AND OTHER CNS 

DISORDERS 

TECHNICAL FIELD 

[0001] This invention relates to compounds having phar 
macological activity, to compositions containing these com 
pounds, and to a method of treatment employing the com 
pounds and compositions. More particularly, this invention 
concerns certain non-imidaZole tertiary amine derivatives 
and their salts and solvates. These compounds alter H3 
histamine receptor activity. This invention also relates to 
pharmaceutical compositions containing these compounds 
and to a method of treating disorders in Which histamine H3 
receptor blockade is bene?cial. 

BACKGROUND OF THE INVENTION 

[0002] Histamine is a chemical messenger involved in 
various complex biological actions. When released, hista 
mine interacts With speci?c macromolecular receptors on the 
cell surface or Within a target cell to elicit changes in many 
different bodily functions. Various cell types including 
smooth muscle, blood cells, cells of the immune system, 
endocrine and exocrine cells as Well as neurons respond to 
histamine by modulating the formation of intracellular sig 
nals, including of phosphatidylinositol, or adenylate cyclase. 
Evidence that histamine plays a role as a neurotransmitter 
Was established by the mid-to-late 1970’s (SchWartZ, 1975) 
Life Sci. 17:503-518. Immunohistochemical studies identi 
?ed histaminergic cell bodies in the tuberomammillary 
nucleus of the posterior hypothalamus With Widespread 
projections in the dicencephalon and telencephalon (Inagaki 
et al., 1998) J. Comp. Neurol. 273:283-300. 

[0003] TWo histamine receptors (H1 and H2) Were reported 
to mediate the biochemical actions of histamine on neurons. 
More recently, studies have demonstrated the existence of a 
third subtype of histamine receptor, the histamine H3 recep 
tor (SchWartZ et al., 1986) TIPS 8: 24-28. Various studies 
have noW demonstrated that histamine H3 receptors are 
found on the histaminergic nerve terminals in the brains of 
several species, including man (Arrang et al., 1983) Nature 
302: 832-837. The H3 receptor found on the histaminergic 
nerve terminal Was de?ned as an autoreceptor and could 
intimately control the amount of histamine released from the 
neurons. Histamine, the natural compound, Was capable of 
stimulating this autoreceptor but testing of knoWn H1 and H2 
receptor agonists and antagonists suggested that the H3 
receptor has a distinct pharmacological pro?le. Further, H3 
receptors have been identi?ed on cholinergic, serotoninergic 
and monoamine nerve terminals in the peripheral nervous 
system (PNS) and central nervous system including the 
cerebral cortex and cerebral vessels. These observations 
suggest that H3 receptors are uniquely located to modulate 
histamine as Well as other neurotransmitter release, and 
compounds that bind H3 receptors could be important 
mediators of neuronal activity. 

[0004] As stated, CNS histaminergic cell bodies are found 
in the magnocellular nuclei of the hypothalamic mammillary 
region and these neurons project diffusely to large areas of 
the forebrain. The presence of histaminergic cell bodies in 
the tuberomammillary nucleus of the posterior hypothala 
mus, a brain area involved in the maintenance of Wakeful 
ness, and their projections to the cerebral cortex suggest a 
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role in modulating the arousal state or sleep-Wake cycle. The 
histaminergic projection to many limbic structures such as 
the hippocampal formation and the amygdaloid complex 
suggest roles in functions such as autonomic regulation, 
control of emotions and motivated behaviors, and memory 
processes. 

[0005] The concept that histamine is important for the 
state of arousal, as suggested by the location of histamin 
ergic pathWays, is supported by other types of evidence. 
Lesions of the posterior hypothalamus are Well knoWn to 
produce sleep. Neurochemical and electrophysiological 
studies have also indicated that the activity of histaminergic 
neurons is maximal during periods of Wakefulness and is 
suppressed by barbiturates and other hypnotics. Intraven 
tricular histamine induces the appearances of an arousal 
EEG pattern in rabbits and increased spontaneous locomotor 
activity, grooming and exploratory behavior in both saline 
and pentobarbital-treated rats. 

[0006] In contrast, a highly selective inhibitor of histidine 
decarboxylase, the sole enZyme responsible for histamine 
synthesis, has been shoWn to impair Waking in rats. These 
data support the hypothesis that histamine may function in 
modulating behavioral arousal. The role of the H3 receptor 
in sleep-Waking parameters has been demonstrated (Lin et 
al., 1990) Brain Res. 592: 325-330. Oral administration of 
RAMHA, a H3 agonist, caused a signi?cant increase in deep 
sloW Wave sleep in the cat. Conversely, thioperamide, a H3 
antagonist/inverse agonist, enhanced Wakefulness in a dose 
dependent fashion. Thioperamide has also been shoWn to 
increase Wakefulness and decrease sloW-Wave and REM 
sleep in rats. These ?ndings are consistent With in vivo 
studies demonstrating that thioperamide caused an increase 
in synthesis and release of histamine. Together, these data 
demonstrate that selective H3 antagonists or inverse agonists 
may be useful in the treatment of arousal states and sleep 
disorders. 

[0007] Serotonin, histamine, glutamate and acetylcholine 
have all been demonstrated to be diminished in the AlZhe 
imer’s brain. The histamine H3 receptor has been 
demonstrated to regulate the release of each of these neu 
rotransmitters. An H3 receptor antagonist or inverse agonist 
Would therefore be expected to increase the release of these 
neurotransmitters in the brain. Since histamine has been 
demonstrated to be important in arousal and vigilance, H3 
receptor antagonists or inverse agonists might enhance 
arousal and vigilance via increasing levels of neurotrans 
mitter release and thereby improve cognition. Thus, the use 
of compounds that bind the use of H3 receptor in AD, 
attention de?cit disorders (ADD), age-related memory dys 
function, schiZophrenia and other cognitive disorders Would 
be supported. 

[0008] H3 receptor antagonists or inverse agonists may be 
useful in treating several other CNS disorders. It has been 
suggested that histamine may be involved in cerebral cir 
culation, energy metabolism, and hypothalmic hormone 
secretion. For example, H3 receptor antagonists or inverse 
agonists have been demonstrated to affect food intake and 
body Weight gain in rodents. Recent evidence has indicated 
the possible use of H3 antagonists or inverse agonists in the 
treatment of epilepsy. Work has demonstrated an inverse 
correlation betWeen the duration of clonic convulsions and 
brain histamine levels. Thioperamide Was also shoWn to 
signi?cantly and dose-dependently decrease the durations of 
every convulsive phase after electrically-induced convul 
sions and increase the electroconvulsive threshold. 
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[0009] In spite of their loW density, H3 receptor binding 
sites can be detected outside the brain. Several studies have 
revealed the presence of H3 heteroreceptors in the gas 
trointestinal tract, as Well as upon neurons of the respitory 
tract. Accordingly, an H3 receptor binding compound may be 
useful in the treatment of diseases and conditions such as 
asthma, rhinitis, airWay congestion, in?ammation, hyper and 
hypo motility and acid secretion of the gastrointestinal tract. 
Peripheral or central blockage of H3 receptors may also 
contribute to changes in blood pressure, heart rate and 
cardiovascular output and could be used in the treatment of 
cardiovascular diseases, and in the treatment of diseases or 
conditions such as obesity, migraine, in?ammation, motion 
sickness, pain, ADHD, dementia, depression, Parkinson’s 
disease, schiZophrenia, epilepsy, narcolepsy, acute myocar 
dial infarction and asthma. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides, in its principal 
aspect, compounds of the general formula: 

(1) 

OT 

<10 

Where X is O, S or CH2; 

[0011] Y is N or CH; 

[0012] Z is N or C; 
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[0013] R and R1 are independently: 

[0014] (C1-C8) straight or branched alkyl optionally 
substituted With halogens or heteroatom groups, or 

[0015] (C3-C8) cyloalkyl substituted With halogens or 
heteroatom groups; or 

[0016] R and R1 taken together form a cycloalkyl or 
heterocyclic group optionally substituted With: 

[0017] 

[0018] 

[0019] 
[0020] heteroatom groups; Where one or more of the 

methylene groups may be replaced by —O, N or S; 

(C1-C8) straight or branched alkyl; 

(C3-C8) cycloalkyl; 

halogens; or 

[0021] R3 and R4 taken together form: 

[0022] R5 and R6 taken together form —(CH2)3_5— 
Where of one or more of the methylenes is replaced by 
O, N or S; and 

[0023] R7 is selected from the group consisting of H, 
halogen, alkyl, aryl, O-alkyl, S-alkyl, NH-alkyl, 
N(alkyl)2, acyl and N-acyl. 

[0024] The pharmaceutically acceptable salts, and indi 
vidual stereoisomers of compounds of structural formulae 
(I) and (II) above, as Well as miXtures thereof, are also 
contemplated as falling Within the scope of the present 
invention. 

[0025] This invention also provides pharmaceutical com 
positions comprising a pharmaceutically acceptable carrier 
in combination With an effective amount of at least one 

compound of formulae (I) and (II). 

[0026] The present invention also provides a method of 
treating conditions in Which modulation of histamine H3 
receptors may be of therapeutic importance such as in?am 
mation, migraine, motion sickness, pain, Parkinson’s Dis 
ease, epilepsy, cardiovascular disease (i.e. hyper or hypoten 
sion, acute myocardial infarction), gastrointestinal disorders 
(acid secretion, motility) and CNS disorders involving atten 
tion or cognitive disorders (i.e., AlZheimer’s, Attention 
De?cit Disorder, age-related memory dysfunction, stroke, 
etc.), psychiatric disorders (i.e., depression, schiZophrenia, 
obsessive-compulsive disorders, etc.); sleep disorders (i.e. 
narcolepsy, sleep apnea, insomnia, disturbed biological and 
circadian rhythms, hyper and hypsomnolence), and disor 
ders such as obesity, anorexia/bulimia, thermoregulation, 
hormone release) comprising administering an effective 
amount of a compound of formulae (I) or (II) to a patient in 
need of such treatment. 





US 2006/0009451 A1 

[0067] 8-[4-(3-Pyrrolidin- 1 -yl-propoxy) -phenyl]-6,7-di 
hydro -5H-1 ,4,8a-triaZa-s-indacene; 

[0068] 8-[4-(3-Piperidin-1-yl-propoxy)-phenyl]-6,7-dihy 
dro-5H-1 ,4,8 a-triaZa-s-indacene; 

[0069] 8-{4-[3 -(2-(R) -Methyl-pyrrolidin- 1 -yl) -propoxy] 
phenyl} -6,7-dihydro-5H-1 ,4,8a-triaZa-s-indacene; 

[0070] 9-{4-[3 -(2-(R) -Methyl-pyrrolidin- 1 -yl) -propoxy] 
phenyl} -5,6,7,8 -tetrahydro -pyraZolo[5, 1 -b ]quinaZoline; 

[0071] 9-[4-(3-Piperidin-1 -yl-propoxy)-phenyl]-5,6,7,8 
tetrahydro-pyraZolo[5 ,1 -b]quinaZoline; 

[0072] 8-{4-[3 -(2-(R) -Methyl-pyrrolidin- 1 -yl) -propoxy] 
phenyl} -6,7-dihydro-5H-1 ,4,8a-triaZa-s-indacene; and 

[0073] 8-{4-[3-(2-Methyl-pyrrol idin-1-yl)-propoxy]-phe 
nyl}-5H,7H-6-oxa-1,4,8a-triaZa-s-indacene. 

[0074] Certain compounds of the invention may exist in 
different isomeric (e.g. enantiomers and distereoisomers) 
forms. The invention contemplates all such isomers both in 
pure form and in a mixture, including racemic mixtures. 
Enol and tautomeric forms are also included. 

[0075] The compounds of the invention can exist in unsol 
vated as Well as solvated forms, including hydrated forms, 
e.g., hemi-hydrate. In general, the solvated forms, With 
pharmaceutically acceptable solvents such as Water, ethanol, 
and the like are equivalent to the unsolvated forms for the 
purposes of the invention. 

[0076] Certain compounds of the invention also form 
pharmaceutically acceptable salts, e.g., acid addition salts. 
For example, the nitrogen atoms may form salts With acids. 
Examples of suitable acids for salt formation are hydrochlo 
ric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, sali 
cylic, malic, fumaric, succinic, ascorbic, maleic, methane 
sulfonic and other mineral carboxylic acids Well knoWn to 
those in the art. The salts are prepared by contacting the free 
base form With a suf?cient amount of the desired acid to 
produce a salt in the conventional manner. The free base 
forms may be regenerated by treating the salt With a suitable 
dilute aqueous base solution such as dilute aqueous hydrox 
ide, potassium carbonate, ammonia, and sodium bicarbon 
ate. The free base forms differ from their respective salt 
forms someWhat in certain physical properties, such as 
solubility in polar solvents, but the acid salts are equivalent 
to their respective free base forms for purposes of the 
invention. (See, for example S. M. Berge, et al., “Pharma 
ceutical Salts,”J. Pharm. Sci, 66: 1-19 (1977) Which is 
incorporated herein by reference. 

[0077] As throughout this speci?cation and appended 
claims, the folloWing terms have the meanings ascribed to 
them: 

[0078] The term “alkyl” as used herein refers to straight or 
branched chain radicals derived from saturated hydrocar 
bons by the removal of one hydrogen atom. Representative 
examples of alkyl groups include methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, and the 
like. 

[0079] The term “cycloalkyl” as used herein refers to an 
aliphatic ring system having 3 to 10 carbon atoms and 1 to 
3 rings, including, but not limited to cyclopropyl, cyclopen 
tyl, cyclohexyl, norbornyl, and adamantly among others. 
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Cycloalkyl groups can be unsubstituted or substituted With 
one, tWo or three substituents independently selected from 
loWer alkyl, haloalkyl, alkoxy, thioalkoxy, amino, alky 
lamino, dialkylamino, hydroxyl, halo, mercapto, nitro, car 
boxaldehyde, carboxy, alkoxycarbonyl and carboximide. 

[0080] “Cycloalkyl” includes cis or trans forms. Further 
more, the substituents may either be in endo or exo positions 
in the bridged bicyclic systems. 

[0081] The term “halo” or “halogen” as used herein refers 
to I, Br, Cl or F. 

[0082] The term “heteroatom” as used herein refers to at 
least one N, O or S atom. 

[0083] The term “heterocyclyl” as used herein, alone or in 
combination, refers to a non-aromatic 3- to 10-membered 
ring containing at least one endocyclic N, O, or S atom. The 
heterocycle may be optionally aryl-fused. The heterocycle 
may also optionally be substituted With at least one sub 
stituent Which is independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, amino, nitro, 
tri?ouromethyl, tri?uoromethoxy, alkyl, aralkyl, alkenyl, 
alkynyl, aryl, cyano, carboxy, carboalkoxy, carboxyalkyl, 
oxo, arylsulfonyl and aralkylaminocarbonyl among others. 

[0084] As used herein, the term “composition” is intended 
to encompass a product comprising the speci?ed ingredients 
in the speci?ed amounts, as Well as any product Which 
results, directly or indirectly, from a combination of the 
speci?ed ingredients in the speci?ed amounts. 

[0085] The compounds of the present invention can be 
used in the form of pharmaceutically acceptable salts 
derived from inorganic or organic acids. The phrase “phar 
maceutically acceptable salt” means those salts Which are, 
Within the scope of sound medical judgment, suitable for use 
in contact With the tissues of humans and loWer animals 
Without undue toxicity, irritation, allergic response and the 
like and are commensurate With a reasonable bene?t/risk 
ratio. Pharmaceutically acceptable salts are Well-knoWn in 
the art. For example, S. M. Berge et al. describe pharma 
ceutically acceptable salts in detail in J. Pharmaceutical 
Sciences, 1977, 66: 1 et seq. The salts can be prepared in situ 
during the ?nal isolation and puri?cation of the compounds 
of the invention or separately by reacting a free base 
function With a suitable organic acid. Representative acid 
addition salts include, but are not limited to acetate, adipate, 
alginate, citrate, aspartate, benZoate, benZenesulfonate, 
bisulfate, butyrate, camphorate, camphorsulfonate, diglu 
conate, glycerophosphate, hemisulfate, heptanoate, hex 
anoate, fumarate, hydrochloride, hydrobromide, hydroio 
dide, 2-hydroxyethansulfonate (isothionate), lactate, 
maleate, methanesulfonate, nicotinate, 2-naphthalene 
sulfonate, oxalate, palmitoate, pectinate, persulfate, 3-phe 
nylpropionate, picrate, pivalate, propionate, succinate, tar 
trate, thiocyanate, phosphate, glutamate, bicarbonate, 
p-toluenesulfonate and undecanoate. Also, the basic nitro 
gen-containing groups can be quaterniZed With such agents 
as loWer alkyl halides such as methyl, ethyl, propyl, and 
butyl chlorides, bromides and iodides; dialkyl sulfates like 
dimethyl, diethyl, dibutyl and diamyl sulfates; long chain 
halides such as decyl, lauryl, myristyl and stearyl chlorides, 
bromides and iodides; arylalkyl halides like benZyl and 
phenethyl bromides and others. Water or oil-soluble or 
dispersible products are thereby obtained. Examples of acids 
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Which can be employed to form pharmaceutically acceptable 
acid addition salts include such inorganic acids as hydro 
chloric acid, hydrobromic acid, sulphuric acid and phospho 
ric acid and such organic acids as oxalic acid, maleic acid, 
succinic acid and citric acid. 

[0086] Basic addition salts can be prepared in situ during 
the ?nal isolation and puri?cation of compounds of this 
invention by reacting a carboxylic acid-containing moiety 
With a suitable base such as the hydroxide, carbonate or 
bicarbonate of a pharmaceutically acceptable metal cation or 
With ammonia or an organic primary, secondary or tertiary 
amine. Pharmaceutically acceptable salts include, but are not 
limited to, cations based on alkali metals or alkaline earth 
metals such as lithium, sodium, potassium, calcium, mag 
nesium and aluminum salts and the like and nontoxic 
quaternary ammonia and amine cations including ammo 
nium, tetramethylammonium, tetraethylammonium, methy 
lammonium, dimethylammonium, trimethylammonium, tri 
ethylammonium, diethylammonium, and ethylammonium 
among others. Other representative organic amines useful 
for the formation of base addition salts include ethylenedi 
amine, ethanolamine, diethanolamine, piperidine, pipera 
Zine and the like. 

[0087] Dosage forms for topical administration of a com 
pound of this invention include poWders, sprays, ointments 
and inhalants. The active compound is mixed under sterile 
conditions With a pharmaceutically acceptable carrier and 
any needed preservatives, buffers or propellants Which can 
be required. Opthalmic formulations, eye ointments, poW 
ders and solutions are also contemplated as being Within the 
scope of this invention. 

[0088] Actual dosage levels of active ingredients in the 
pharmaceutical compositions of this invention can be varied 
so as to obtain an amount of the active compound(s) Which 
is effective to achieve the desired therapeutic response for a 
particular patient, compositions and mode of administration. 
The selected dosage level Will depend upon the activity of 
the particular compound, the route of administration, the 
severity of the condition being treated and the condition and 
prior medical history of the patient being treated. HoWever, 
it is Within the skill of the art to start doses of the compound 
at levels loWer than required to achieve the desired thera 
peutic effect and to gradually increase the dosage until the 
desired effect is achieved. 

[0089] When used in the above or other treatments, a 
therapeutically effective amount of one of the compounds of 
the present invention can be employed in pure form or, 
Where such forms exist, in pharmaceutically acceptable salt, 
ester or prodrug form. Alternatively, the compound can be 
administered as a pharmaceutical composition containing 
the compound of interest in combination With one or more 
pharmaceutically acceptable excipients. The phrase “thera 
peutically effective amount” of the compound of the inven 
tion means a sufficient amount of the compound to treat 
disorders, at a reasonable bene?t/risk ratio applicable to any 
medical treatment. It Will be understood, hoWever, that the 
total daily usage of the compounds and compositions of the 
present invention Will be decided by the attending physician 
Within the scope of sound medical judgment. The speci?c 
therapeutically effective dose level for any particular patient 
Will depend upon a variety of factors including the disorder 
being treated and the severity of the disorder; activity of the 
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speci?c compound employed; the speci?c composition 
employed; the age, body Weight, general health, sex and diet 
of the patient; the time of administration, route of adminis 
tration, and rate of excretion of the speci?c compound 
employed; the duration of the treatment; drugs used in 
combination or coincidental With the speci?c compound 
employed; and like factors Well knoWn in the medical arts. 
For example, it is Well Within the skill of the art to start doses 
of the compound at levels loWer than required to achieve the 
desired therapeutic effect and to gradually increase the 
dosage until the desired effect is achieved. 

[0090] The total daily dose of the compounds of this 
invention administered to a human or loWer animal may 
range from about 0.0001 to about 1000 mg/kg/day. For 
purposes of oral administration, more preferable doses can 
be in the range of from about 0.001 to about 5 mg/kg/day. 
If desired, the effective daily dose can be divided into 
multiple doses for purposes of administration; consequently, 
single dose compositions may contain such amounts or 
submultiples thereof to make up the daily dose. 

[0091] The present invention also provides pharmaceuti 
cal compositions that comprise compounds of the present 
invention formulated together With one or more non-toxic 
pharmaceutically acceptable carriers. The pharmaceutical 
compositions can be specially formulated for oral adminis 
tration in solid or liquid form, for parenteral injection or for 
rectal administration. 

[0092] The pharmaceutical compositions of this invention 
can be administered to humans and other mammals orally, 
rectally, parenterally, intracisternally, intravaginally, intrap 
eritoneally, topically (as by poWders, ointments or drops), 
bucally or as an oral or nasal spray. The term “parenterally,” 
as used herein, refers to modes of administration Which 
include intravenous, intramuscular, intraperitoneal, intraste 
mal, subcutaneous and intraarticular injection and infusion. 

[0093] In another aspect, the present invention provides a 
pharmaceutical composition comprising a component of the 
present invention and a physiologically tolerable diluent. 
The present invention includes one or more compounds as 
described above formulated into compositions together With 
one or more non-toxic physiologically tolerable or accept 

able diluents, carriers, adjuvants or vehicles that are collec 
tively referred to herein as diluents, for parenteral injection, 
for intranasal delivery, for oral administration in solid or 
liquid form, for rectal or topical administration, among 
others. 

[0094] The compositions can also be delivered through a 
catheter for local delivery at a target site, via an intracoro 
nary stent (a tubular device composed of a ?ne Wire mesh), 
or via a biodegradable polymer. The compounds may also be 
complexed to ligands, such as antibodies, for targeted deliv 
ery. 

[0095] Compositions suitable for parenteral injection may 
comprise physiologically acceptable, sterile aqueous or non 
aqueous solutions, dispersions, suspensions or emulsions 
and sterile poWders for reconstitution into sterile injectable 
solutions or dispersions. Examples of suitable aqueous and 
nonaqueous carriers, diluents, solvents or vehicles include 
Water, ethanol, polyols (propyleneglycol, polyethylenegly 
col, glycerol, and the like), vegetable oils (such as olive oil), 
injectable organic esters such as ethyl oleate, and suitable 
mixtures thereof. 
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[0096] These compositions can also contain adjuvants 
such as preserving, Wetting, emulsifying, and dispensing 
agents. Prevention of the action of microorganisms can be 
ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and 
the like. It may also be desirable to include isotonic agents, 
for example sugars, sodium chloride and the like. Prolonged 
absorption of the injectable pharmaceutical form can be 
brought about by the use of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

[0097] Suspensions, in addition to the active compounds, 
may contain suspending agents, as for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these 
substances, and the like. 

[0098] In some cases, in order to prolong the effect of the 
drug, it is desirable to sloW the absorption of the drug from 
subcutaneous or intramuscular injection. This can be accom 
plished by the use of a liquid suspension of crystalline or 
amorphous material With poor Water solubility. The rate of 
absorption of the drug then depends upon its rate of disso 
lution Which, in turn, may depend upon crystal siZe and 
crystalline form. Alternatively, delayed absorption of a 
parenterally administered drug form is accomplished by 
dissolving or suspending the drug in an oil vehicle. 

[0099] Injectable depot forms are made by forming 
microencapsule matrices of the drug in biodegradable poly 
mers such as polylactide-polyglycolide. Depending upon the 
ratio of drug to polymer and the nature of the particular 
polymer employed, the rate of drug release can be con 
trolled. Examples of other biodegradable polymers include 
poly(orthoesters) and poly(anhydrides). Depot injectable 
formulations are also prepared by entrapping the drug in 
liposomes or microemulsions Which are compatible With 
body tissues. 
[0100] The injectable formulations can be steriliZed, for 
example, by ?ltration through a bacterial-retaining ?lter or 
by incorporating steriliZing agents in the form of sterile solid 
compositions Which can be dissolved or dispersed in sterile 
Water or other sterile injectable medium just prior to use. 

[0101] Solid dosage forms for oral administration include 
capsules, tablets, pills, poWders and granules. In such solid 
dosage forms, the active compound may be mixed With at 
least one inert, pharmaceutically acceptable excipient or 
carrier, such as sodium citrate or dicalcium phosphate and/or 
a) ?llers or extenders such as starches, lactose, sucrose, 
glucose, mannitol and silicic acid; b) binders such as car 
boxymethylcellulose, alginates, gelatin, polyvinylpyrroli 
done, sucrose and acacia; c) humectants such as glycerol; d) 
disintegrating agents such as agar-agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain silicates and 
sodium carbonate; e) solution retarding agents such as 
paraf?n; absorption accelerators such as quaternary 
ammonium compounds; g) Wetting agents such as cetyl 
alcohol and glycerol monostearate; h) absorbents such as 
kaolin and bentonite clay and i) lubricants such as talc, 
calcium stearate, magnesium stearate, solid polyethylene 
glycols, sodium lauryl sulfate and mixtures thereof. In the 
case of capsules, tablets and pills, the dosage form may also 
comprise buffering agents. 
[0102] Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
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using such excipients as lactose or milk sugar as Well as high 
molecular Weight polyethylene glycols and the like. 

[0103] The solid dosage forms of tablets, dragees, cap 
sules, pills and granules can be prepared With coatings and 
shells such as enteric coatings and other coatings Well 
knoWn in the pharmaceutical formulating art. They may 
optionally contain opacifying agents and may also be of a 
composition such that they release the active ingredient(s) 
only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding 
compositions Which can be used include polymeric sub 
stances and Waxes. 

[0104] The active compounds can also be in micro-encap 
sulated form, if appropriate, With one or more of the above 
mentioned excipients. 

[0105] Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, solutions, 
suspensions, syrups and elixirs. In addition to the active 
compounds, the liquid dosage forms may contain inert 
diluents commonly used in the art such as, for example, 
Water or other solvents, solubiliZing agents and emulsi?ers 
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, 
ethyl acetate, benZyl alcohol, benZyl benZoate, propylene 
glycol, 1,3-butylene glycol, dimethyl formamide, oils (in 
particular, cottonseed, groundnut, corn, germ, olive, castor 
and sesame oils), glycerol, tetrahydrofurfuryl alcohol, poly 
ethylene glycols and fatty acid esters of sorbitan and mix 
tures thereof. 

[0106] Besides inert diluents, the oral compositions may 
also include adjuvants such as Wetting agents, emulsifying 
and suspending agents, sWeetening, ?avoring and perfuming 
agents. 

[0107] Compositions for rectal or vaginal administration 
are preferably suppositories Which can be prepared by 
mixing the compounds of this invention With suitable non 
irritating excipients or carriers such as cocoa butter, poly 
ethylene glycol or a suppository Wax Which are solid at room 
temperature but liquid at body temperature and therefore 
melt in the rectum or vaginal cavity and release the active 
compound. 

[0108] Compounds of the present invention can also be 
administered in the form of liposomes. As is knoWn in the 
art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals Which are dispersed 
in an aqueous medium. Any non-toxic, physiologically 
acceptable and metaboliZable lipid capable of forming lipo 
somes can be used. The present compositions in liposome 
form can contain, in addition to a compound of the present 
invention, stabiliZers, preservatives, excipients and the like. 
The preferred lipids are natural and synthetic phospholipids 
and phosphatidyl cholines (lecithins) used separately or 
together. 

[0109] Methods to form liposomes are knoWn in the art. 
See, for example, Prescott, Ed., Methods in Cell Biology, 
Volume XIV, Academic Press, NeW York, NY. (1976), p. 33 
et seq. 

[0110] The term “pharmaceutically acceptable prodrugs” 
as used herein represents those prodrugs of the compounds 
of the present invention Which are, Within the scope of sound 
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medical judgment, suitable for use in contact With the tissues 
of humans and lower animals Without undue toxicity, irri 
tation, allergic response, and the like, commensurate With a 
reasonable bene?t/risk ratio, and effective for their intended 
use, as Well as the ZWitterionic forms, Where possible, of the 
compounds of the invention. Prodrugs of the present inven 
tion may be rapidly transformed in vivo to the parent 
compound of the above formula, for example, by hydrolysis 
in blood. A thorough discussion is provided in T. Higuchi 
and V. Stella, Pro-drugs as Novel Delivery Systems, V. 14 of 
the A.C.S. Symposium Series, and in EdWard B. Roche, ed., 
Bioreversible Carriers in Drug Design, American Pharma 
ceutical Association and Pergamon Press (1987), hereby 
incorporated by reference. 

[0111] Compounds of the present invention that are 
formed by in vivo conversion of a different compound that 
Was administered to a mammal are intended to be included 

Within the scope of the present invention. 

[0112] Compounds of the present invention may exist as 
stereoisomers Wherein asymmetric or chiral centers are 

present. These stereoisomers are “R” or “S” depending on 

the con?guration of substituents around the chiral carbon 
atom. The present invention contemplates various stereoi 
somers and mixtures thereof. Stereoisomers include enanti 

omers and diastereomers, and mixtures of enantiomers or 
diastereomers. Individual stereoisomers of compounds of 
the present invention may be prepared synthetically from 
commercially available starting materials Which contain 
asymmetric or chiral centers or by preparation of racemic 
mixtures folloWed by resolution Well-knoWn to those of 
ordinary skill in the art. These methods of resolution are 
exempli?ed by (1) attachment of a mixture of enantiomers 
to a chiral auxiliary, separation of the resulting mixture of 
diastereomers by recrystalliZation or chromatography and 
liberation of the optically pure product from the auxiliary or 
(2) direct separation of the mixture of optical enantiomers on 
chiral chromatographic columns. 

[0113] The compounds of the invention can exist in unsol 
vated as Well as solvated forms, including hydrated forms, 
such as hemi-hydrates. In general, the solvated forms, With 
pharmaceutically acceptable solvents such as Water and 
ethanol among others are equivalent to the unsolvated forms 
for the purposes of the invention. 

[0114] The invention may be illustrated by the folloWing 
representative schemes and examples. 

COZH 

—> 

x lenes_ 
NHZ 165—170° C. (oil bath) 

(Dean-Stark) 
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EXAMPLE 1 

[0115] 2-Cyclohexylideneamino-benZoic acid: Anthra 
nilic acid (10 g, 73 mmol) and cyclohexanone (9.8 mL, 95 
mmol) Were dissolved in xylenes (110 mL) in a ?ask 
equipped With a Dean-Stark apparatus and heated to re?ux 
over 18 hours. The reaction mixture Was cooled to room 
temperature and the resulting precipitate collected by ?ltra 
tion. The ?lter cake Was Washed With hexanes and dried in 
vacuo to give the desired imine (11 g, 69% yield) as a beige 
solid. 
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[0116] LC-Mass (ES): [M+1]+ calc’d for C13H16NO2, 
218; found, 218. 

[0117] 9-Chloro-1,2,3,4-tetrahydro-acridine: 2-Cyclo 
hexylideneamino-benZoic acid (1.5 g, 6.9 mmol) Was added 
to phosphorus oxychloride (4 mL) at 0° C. and stirred for 5 
minutes followed by heating to 100° C. for 45 minutes. The 
reaction mixture Was cooled to room temperature and sloWly 
poured onto ice (-100 g) and stirred for 30 minutes. CHZCl2 
(100 mL) Was added and the mixture stirred for 5 minutes 
and the organic layer separated. The aq. layer Was extracted 
With CHZCl2 (50 mL). The combined CHZCl2 layers Were 
Washed With sat. aq. NaHCO3 (2><50 mL), sat. aq. NaCl (50 
mL), dried over Na2SO4, decanted and concentrated to give 
9-chloro-1,2,3,4-tetrahydro-acridine, Which, Was used With 
out further puri?cation. 

[0118] LC-Mass (ES): [M+1]+ calc’d for C13H13ClN, 218; 
found, 218. 

[0119] 9-(4-BenZyloxy-phenyl)-1,2,3,4-tetrahydro-acri 
dine: Amixture of 9-chloro-1,2,3,4-tetrahydro-acridine (282 
mg, 1.30 mmol), 4-BenZyloxyphenyl boronic acid (443 mg, 
1.94 mmol), tetrakistriphenylphosphine palladium (15 mg, 
0.01 mmol), and 2 M aq NaZCO3 (0.97 mL, 1.94 mmol) Was 
heated to 80° C. in 1,2-dimethoxyethane (2 mL) With 
vigorous stirring overnight in a sealed vial. The reaction 
mixture Was cooled to room temperature and partitioned 
betWeen EtOAc (50 mL) and H20 (10 mL). The aq. layer 
Was extracted With EtOAc (25 mL). The combined organic 
layers Were Washed With sat. aq. NaCl (25 mL), dried over 
Na2SO4, ?ltered, and concentrated. The residue Was tritu 
rated With hexanes (50 mL) and to give a mixture of the 
desired product and starting chloride, Which Was used With 
out further puri?cation. 

[0120] LC-Mass (ES): [M+1]+ calc’d for C26H24NO, 366; 
found, 366. 

[0121] 4-(1,2,3,4-Tetrahydro-acridin-9-yl)-phenol: BBr3 
(3.2 mL, 1 M solution in CH2Cl2, 3.2 mmol) Was added 
dropWise to a stirred solution of 9-(4-benZyloxy-phenyl)-1, 
2,3,4-tetrahydro-acridine (0.23 g 0.64 mmol) in CHZCl2 (3 
mL) at 0° C. The resulting mixture Was Warmed to room 
temperature over a period of 3 hours folloWed by dilution 
With CHZCl2 (50 mL). The solution Was Washed With sat. aq. 
NaHCO3 until aq. Washings Were basic (pH ~9). The CHZCl2 
layer Was dried over Na2SO4, decanted and concentrated. 
The residue Was Washed With hexanes (2><10 mL) and 
decanted to remove benZyl bromide. The resulting product 
Was used Without further puri?cation. 

[0122] LC-Mass (ES): [M—1]_ calc’d for C19H16NO, 274; 
found, 274. 

[0123] 9-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-1,2,3,4 
tetrahydro-acridine: The product from the previous step, 
4-(1,2,3,4-Tetrahydro-acridin-9-yl)-phenol (22 mg, 0.08 
mmol), 1-(3-Chloropropyl)-pyrrolidine (18 mg, 0.12 mmol), 
and KZCO3 (17 mg, 0.12 mmol) Were mixed in NMP (267 
uL) and stirred rapidly at 80° C. for 90 minutes in a sealed 
vial. The reaction mixture Was cooled, partitioned betWeen 
Et2O (50 mL) and H20 (10 mL). The organic layer Was 
Washed With H2O (3><10 mL), sat. aq. NaCl (10 mL), dried 
over Na2SO4, decanted and concentrated. The residue Was 
puri?ed using preparative LCMS to give product the desired 
product. 
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[124] LC-Mass (ES): [M+1]+ calc’d for C26H31N2O, 387; 
found, 387. 

[0125] 1H NMR (CDC13, 300 MHZ): 0 8.00 (d, J=8.5 HZ, 
1H), 7.54-7.63 (m, 1H), 7.28-7.40 (m, 2H), 7.14 (d, J=8.5 
HZ, 2H), 7.04 (d, J=8.5 HZ, 2H), 4.12 (d, J=6.4 HZ, 2H), 3.19 
(d, J=6.6 HZ, 2H), 2.70-2.80 (m, 2H), 2.51-2.70 (m, 4H), 
1.67-2.03 (m, 12H) 

SchemeZ 

O 0 

g 
/ 

O/ N NH AcOH 
+ 
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1 hr 

OH 
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EXAMPLE 2 

[0126] 6,7,8,9-Tetrahydro-5H-1,4,10a-triaZa-cyclohepta 
[f]inden-10-ol: A solution of 2-oxo-cycloheptanecarboxylic 
acid methyl ester (5 g, 29.4 mmol) and 2H-pyraZol-3 
ylamine (2.44 g, 29.4 mmol) in acetic acid (5 mL) Was 
heated at 100° C. for 1 hour and resulted in the formation of 
a colorless precipitate. The solid Was collected via ?ltration 
and Washed With ethanol and ethyl ether to give 6,7,8,9 
tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]inden-10-ol (5 g, 
85% yield). The product Was used Without further puri?ca 
tion. 

[0127] LC-Mass (ES): [M+1]+ calc’d for C11H14N3O, 
204; found, 204. 

[0128] 1H-NMR(DMSO-d6, 300 MHZ): 6 7.81 (d, J=0.8, 
1H), 6.05 (d, J=0.8, 1H), 2.77-2.69 (m, 4H), 1.79-1.75 (m, 
2H), 1.67-1.63 (m, 2H), 1.50-1.47 (m, 2H). 

[0129] 10-Chloro-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa 
cyclohepta[f]indene: To a suspension of 6,7,8,9-tetrahydro 
5H-1,4,10a-triaZa-cyclohepta[f]inden-10-ol (5 g, 29.4 
mmol) in toluene (20 mL) Was added phosphorus oxychlo 
ride (37 g, 246 mmol) and diisopropylethylamine (3.1 g, 
24.6 mmol). The mixture Was heated to re?ux for 40 min 
then cooled to room temperature. The product crystallized 
from the reaction mixture on standing over a tWo-day period 
at room temperature. The solid Was collected and Washed 
With ether to give 10-chloro-6,7,8,9-tetrahydro-5H-1,4,10a 
triaZa-cyclohepta[f]indene (2.3 g, 42.5% yield). The product 
Was used Without further puri?cation. 

[0130] LC-Mass (ES): [M+1]+ calc’d for C11H13ClN3, 
222; found, 222. 

[0131] 1H-NMR(DMSO-d6, 300 MHZ): 6 8.21 (d, J=0.7, 
1H), 6.70 (d, J=0.7, 1H), 3.07-2.99 (m, 4H), 1.82-1.78 (m, 
2H), 1.70-1.69 (m, 4H). 
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[0132] 10-(4-BenZyloxy-phenyl)-6,7,8,9-tetrahydro-5H 
1,4,10a-triaZa-cyclohepta[f]indene: To a solution of 
10-chloro-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta 
[f]indene (221 mg, 11.0 mmol) in toluene (4 mL) Was added 
4-benZyloxyphenyl boronic acid (100 mg, 2.0 mmol), tet 
rakis(triphenylphosphine) palladium (5.7 mg, 0.0047 
mmol), and 2M aq NaZCO3 (11.0 mL, 2.0 mmol). The 
reaction Was ?ushed With argon and stirred at 80° C. 
overnight. The solution Was cooled, folloWed by dilution 
With EtOAc (3 mL). The organic layer Was Washed With 
H2O, brine, dried over MgSO4, and concentrated. The 
residue Was puri?ed via ?ash chromatography (5-30% 
EtOAc/Hexane) to provide 10-(4-benZyloxy-phenyl)-6,7,8, 
9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene (200 
mg, 54% yield). 

[0133] LC-Mass (ES): [M+1]+ calc’d for C24H24N3O, 
370; found: 370. 

[0134] lH-NMR (CDC13, 300 MHZ): 6 7.96 (m, 1H), 
7.48-7.36 (m, 7H), 7.20 (d, J=8.8 HZ, 2H), 6.55-6.59 (m, 
1H), 5.12 (s, 2H), 3.11 (t, J=4.0 HZ, 2H), 2.68 (t, J=5.3 HZ, 
2H), 1.82-1.86 (m, 4H), 1.68-1.61(m, 2H). 
[0135] 4-(6,7,8,9-Tetrahydro-5H-1,4,10a-triaZa-cyclo 
hepta[f]inden-10-yl)-phenol: 10-(4-BenZyloxy-phenyl)-6,7, 
8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene (100 
mg, 0.27 mmol) Was dissolved in CH3OH (5 mL) and 
EtOAc (2 mL) folloWed by the addition of palladium (10% 
by Weight on carbon, 5 mg). The resulting mixture Was 
stirred under a hydrogen atmosphere (balloon) at room 
temperature overnight. The catalyst Was ?ltered off and the 
?ltrate concentrated to give 4-(6,7,8,9-tetrahydro-5H-1,4, 
10a-triaZa-cyclohepta[f]inden-10-yl)-phenol as a colorless 
solid (60 mg, 79% yield). 

[0136] LC-Mass (ES): [M+1]+ calc’d for C17H18N3O, 
280; found: 280. 

[0137] lH-NMR (CDC13, 300 MHZ): 6 7.94 (s, 1H), 7.29 
(d, J=8.8 HZ, 2H), 7.01 (d, J=8.8 HZ, 2H), 6.57 (s, 1H), 3.11 
(t, J=4.0, 6.3, 2H), 2.70 (t, J=3.0, 5.3 HZ, 2H), 1.88-1.85 (m, 
4H), 1.69-1.66 (m, 2H). 
[0138] 10-[4-(3-Chloro-propoxy)-phenyl]-6,7,8,9-tet 
rahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene: To a solu 
tion of 4-(6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta 
[f]inden-10-yl)-phenol (60 mg, 0.2 mmol) in DMF (1 mL) 
Was added 1-bromo-3-chloropropane (67 mg, 0.4 mol) and 
KZCO3 (45 mg, 0.3 mmol). The mixture Was stirred at 80° 
C. for 5 hours, then cooled, diluted With EtOAc (3 mL) and 
Washed With H2O. The organic layer Was Washed With brine, 
dried over MgSO4, and concentrated. The residue Was 
puri?ed via preparative LCMS to give 10-[4-(3-chloro 
propoxy)-phenyl]-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cy 
clohepta[f]indene (13 mg, 32% yield). 

[0139] LC-Mass (ES): [M+1]+ calc’d for C2OH23ClN3O, 
356; found: 356. 

[0140] 1H-NMR(CDC13,300 MHZ): 6 7.97 (s, 1H), 7.39 
(d, J=8.6 HZ, 2H), 7.09 (d, J=8.6 HZ, 2H), 6.57 (s, 1H), 4.20 
(t, J=4.0 HZ 2H), 3.78 (t, J=7.1 HZ, 2H), 3.11 (t, J=6.2 HZ, 
2H), 2.68 (t, J=5.3 HZ, 2H), 2.38-2.24 (m, 2H), 1.84 (m, 4H), 
1.72 (m, 2H). 

[0141] 10-{4-[3-(2-Methyl-pyrrolidin-1-yl)-propoxy] 
phenyl}-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f] 
indene: A mixture of 10-[4-(3-chloro-propoxy)-phenyl]-6,7, 
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8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene (50 
mg, 0.2 mmol), 2-methyl-pyrrolidine (71 mg, 1.0 mmol) and 
KZCO3 (45 mg, 0.3 mmol) in DMF (1 mL) Was stirred at 80° 
C. overnight. The reaction Was cooled, diluted With EtOAc 
(3 mL) and Washed With H2O, brine, dried over MgSO4, and 
concentrated. The residue Was puri?ed by preparative 
LCMS to give 10-{4-[3-(2-methyl-pyrrolidin-1-yl)-pro 
poXy]-phenyl}-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclo 
hepta[f]indene (33 mg, 66% yield). 

[0142] LC-Mass (ES): [M+1]+ calc’d for C25H33N4O, 
405; found: 405. 

[0143] 1H-NMR (CDC13, 300 MHZ): 6 7.95 (s, 1H), 7.34 
(d, J=8.4 HZ, 2H), 7.07 (d, J=8.6 HZ, 2H), 6.57 (s, 1H), 
4.13-4.08 (m, 2H), 3.29 (m, 1H), 3.13-3.04 (m, 3H), 2.68 (d, 
J=5.4 HZ,2H), 2.49-2.46 (m, 1H), 2.37-2.26 (m, 2H), 2.11 
2.04 (m, 2H), 2.05-1.95 (m, 1H), 1.90-1.80 (m, 6H), 1.70 
1.60 (m, 2H), 1.55-1.40 (m, 1H), 1.45 (d, J=4.3 HZ,3H). MS 
(ES): [M+1]+ calc’d for C25H33N4O, 405; found: 405. 

EXAMPLE 3 

[0144] 

[0145] 5,6,7,8-Tetrahydro-pyraZolo[5,1-b]quinaZolin-9 
01. Using the method described for the preparation of 
6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]inden 
10-01, the reaction of 2-oXo-cycloheXanecarboXylic acid 
methyl ester and 2H-pyraZol-3-ylamine in acetic acid pro 
vided the title compound. 

[0146] MS (ES): [M+1]+ calc’d for C1OH12N3O, 190; 
found: 190. 

[0147] 9-Chloro-5,6,7,8-tetrahydro-pyraZolo[5,1-b] 
quinaZoline. Using the method described for the preparation 
of 10-chloro-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclo 
hepta[f]indene, the reaction of 7,8-tetrahydro-pyraZolo[5,1 
b]quinaZolin-9-ol and phosphorus oXychloride provided the 
title compound. 

[0148] MS (ES): [M+1]+ calc’d for C1OH11ClN3, 208; 
found: 208. 

[0149] 9-(4-BenZyloXy-phenyl)-5,6,7,8-tetrahydro-pyra 
Zolo[5,1-b]quinaZoline. Using the method described for the 
preparation of 10-(4-benZyloXy-phenyl)-6,7,8,9-tetrahydro 
5H-1,4,10a-triaZa-cyclohepta[f]indene, the reaction of 
9-chloro-5,6,7,8-tetrahydro-pyraZolo[5,1-b]quinaZoline and 
4-benZyloXyphenyl boronic acid provided the title com 
pound. MS (ES): [M+1]+ calc’d for C23H22N3O, 356; found: 
356. 4-(5,6,7,8-Tetrahydro-pyraZolo[5,1-b]quinaZolin-9-yl) 
phenol. Using the method described for the preparation of 
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4-(6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]inden 
10-yl)-phenol, (4-benZyloXy-phenyl)-5,6,7,8-tetrahydro 
pyraZolo[5,1-b]quinaZoline and hydrogen in the presence of 
10% Pd/C provided the title compound. 

[0150] MS (ES): [M+1]+ calc’d for C16H16N3O, 266; 
found: 266. 

[0151] 9-[4-(3-Chloro-propoXy)-phenyl]-5,6,7,8-tetrahy 
dro-pyraZolo[5,1-b]quinaZoline. Using the method 
described for the preparation of 10-[4-(3-chloro-propoXy) 
phenyl]-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f] 
indene, the reaction of 4-(5,6,7,8-tetrahydro-pyraZolo[5,1 
b]quinaZolin-9-yl)-phenol and 1-bromo-3-chloropropane 
provided the title compound. 

[0152] MS (ES): [M+1]+ calc’d C19H21ClN3O, 342; 
found: 342. 

[0153] 9-{4-[3-(2-Methyl-pyrrolidin-1-yl)-propoXy]-phe 
nyl}-5,6,7,8-tetrahydro-pyraZolo[5,1-b]quinaZoline: Using 
the method described for the preparation of 10-{4-[3-(2 
methyl-pyrrolidin-1-yl)-propoXy]-phenyl}-6,7,8,9-tetrahy 
dro-5H-1,4,10a-triaZa-cyclohepta[f]indene, the reaction of 
9-[4-(3-chloro-propoXy)-phenyl]-5,6,7,8-tetrahydro-pyra 
Zolo[5,1-b]quinaZoline and 2-methyl-pyrrolidine provided 
the desired compound 9-{4-[3-(2-methyl-pyrrolidin-1-yl) 
propoXy]-phenyl}-5,6,7,8-tetrahydro-pyraZolo[5,1-b] 
quinaZoline. 

[0154] MS (ES): [M+1]+ calc’d C24H3ON4O, 390; found: 
390. 

EXAMPLE 4 

O/V)\:> 
/N\N \ 
u / 

N 

[0156] 6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen-8-ol. 
Using the method described for the preparation of 6,7,8,9 
tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]inden-10-ol, the 
reaction of 2-oXo-cyclopentanecarboXylic acid methyl ester 
and 2H-pyraZol-3-ylamine in acetic acid provided the title 
compound. 

[0157] MS (ES): [M+1]+ calc’d for C9H10N3O, 176; 
found: 176. 

[0155] 

[0158] 8-Chloro-6,7-dihydro-5H-1,4,8a-triaZa-s-in 
dacene. Using the method described for the preparation of 
10-chloro-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta 
[f]indene, the reaction of 6,7-dihydro-5H-1,4,8a-triaZa-s 
indacen-8-ol and phosphorus oXychloride provided the title 
compound. 
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[0159] MS (ES): [M+1]+ calc’d for C9H8ClN3, 194; 
found: 194. 

[0160] 8-(4-BenZyloXy-phenyl)-6,7-dihydro-5H-1,4,8a 
triaZa-s-indacene. Using the method described for the prepa 
ration of 10-(4-benZyloXy-phenyl)-6,7,8,9-tetrahydro-5H-1, 
4,10a-triaZa-cyclohepta[f]indene, the reaction of 8-chloro 
6,7-dihydro-5H-1,4,8a-triaZa-s indacene and 
4-benZyloXyphenyl boronic acid provided the title corn 
pound. 

[0161] MS (ES): [M+1]+ calc’d for C22H2ON3O, 342; 
found: 342. 

[0162] 4-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen-8-yl) 
phenol. Using the method described for the preparation of 
4-(6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]inden 
10-yl)-phenol, the reaction of 8-(4-benZyloXy-phenyl)-6,7 
dihydro-5H-1,4,8a-triaZa-s-indacene and hydrogen in the 
presence of 10% Pd/C provided the title compound. 

[0163] MS (ES): [M+1]+ calc’d C15H14N3O, 252; found: 
252. 

[0164] 8-[4-(3-Chloro-propoXy)-phenyl]-6,7-dihydro-5H 
1,4,8a-triaZa-s-indacene. Using the method described for the 
preparation of 10-[4-(3-chloro-propoXy)-phenyl]-6,7,8,9 
tetrahydro-SH-1,4,10a-triaZa-cyclohepta[f]indene, the reac 
tion of 4-(6,7-dihydro-5H-1,4,8a-triaZa-s-indacen-8-yl) 
phenol and 1-brorno-3-chloropropane provided the title 
compound. 

[0165] MS (ES): [M+1]+ calc’d C18H19ClN3O, 328; 
found: 328. 

[0166] 8-{4-[3-(2-Methyl-pyrrolidin-1-yl)-propoXy]-phe 
nyl}-6,7-dihydro-5H-1,4,8a-triaZa-s-indacene: Using the 
method described for the preparation of 10-{4-[3-(2-rnethyl 
pyrrolidin-1-yl)-propoXy]-phenyl}-6,7,8,9-tetrahydro-5H-1, 
4,10a-triaZa-cyclohepta[f]indene, the reaction of 8-[4-(3 
chloro-propoXy)-phenyl]-6,7-dihydro-5H-1,4,8a-triaZa-s 
indacene and 2-rnethyl-pyrrolidine provided the title 
compound. 

[0167] MS (ES): [M+1]+ calc’d C23H29N4O, 377; found: 
377. 

EXAMPLE 5 

[0168] 

OH 

[0169] 1-{3-[4-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen 
8-yl)-phenoXy]-propyl}-pyrrolidin-3-(R)-ol: Using the 
method described for the preparation of 10-{4-[3-(2-rnethyl 
pyrrolidin-1-yl)-propoXy]-phenyl}-6,7,8,9-tetrahydro-5H-1, 
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4,10a-triaZa-cyclohepta[f]indene, the reaction of 8-[4-(3 
chloro-propoXy)-phenyl]-6,7-dihydro-5H-1,4,8a-triaZa-s 
indacene and 3-(R)-hydroXy-pyrrolidine provided the title 
compound. 

[0170] MS (ES): [M+1]+ calc’d C22H27N4O2, 379; found: 
379. 

EXAMPLE 6 

[0171] 

O/\/\ O 
’/’OH 

[0172] 1-{3-[4-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen 
8-yl)-phenoXy]-propyl}-pyrrolidin-3-(S)-ol: Using the 
method described for the preparation of 10-{4-[3-(2-rnethyl 
pyrrolidin-1-yl)-propoXy]-phenyl}-6,7,8,9-tetrahydro-5H-1, 
4,10a-triaZa-cyclohepta[f]indene, the reaction of 8-[4-(3 
chloro-propoXy)-phenyl]-6,7-dihydro-5H-1,4,8a-triaZa-s 
indacene and 3-(S)-hydroXy-pyrrolidine provided the title 
compound. 

[0173] MS (ES): [M+1]+ calc’d C22H27N4O2, 379; found: 
379. 

EXAMPLE 7 

[0174] 

[0175] 8-{3-Chloro-4-[3-(2-(R)-rnethyl-pyrrolidin-1-yl) 
propoXy]-phenyl}-6,7-dihydro-5H-1,4,8a-triaZa-s-indacene: 
Using the method described for the preparation of 10-{4 
[3-(2-Methyl-pyrrolidin-1-yl)-propoXy]-phenyl}-6,7,8,9 
tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene, the reac 
tion of 8-[(3-chloro)-4-(3-chloro-propoXy)-phenyl]-6,7 
dihydro-5H-1,4,8a-triaZa-s-indacene and 2-(R)-rnethyl 
pyrrolidine provided the title compound. MS (ES): [M+1]+ 
calc’d C23H28ClN4O, 411; found: 411. 
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[0176] The following compounds Were prepared accord 
ing to the procedures described in Scheme 2. 

[M + 1]* 
Structure Chemical Name Calculated [M + 1]* Found 

O 

Furan-Z-ylmethyl 431 431 
/ \ methyl-{3—[4—(6,7,8,9— 

/ tetrahydro-5H 
N 1,4,10a-triaza 

I cyclohepta[f]inden—10— 
yl)—phenoxy]—propyl}— 

/ N / amine 

O / 

Diethyl-{3-[4-(6,7,8,9- 393 393 
/ \ tetrahydro-5H 

/ 1,4,10a-triaza 
N J cyclohepta[f]inden—10— 

/ \ 10-[4- (3-Piperidin-1- 405 405 

/ f T\ amine 

/ amine 

10-[3-(3-Pyrrolidin-1- 391 391 
/ \ yl—propoXy)—phenyl]— 

/ 6,7,8,9—tetrahydro—5H— 
N 1,4,10a-triaza 

I cyclohepta[f]indene 
/ OWN 

N\ / amine 
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[0177] 

OH 

Nal, NaOCl 
—> 

MeOH 

/N\N \ 0 c. 
/ / 

N 

OH 

I 

Homopropargyl alcohol 
—> 

Pd(Ph3P)2Cl2 
N\ N \ Et3N, c111, DMF 
/ 80° c. 

/ / 
N 

OH 

/ 
N 

OMs 

o 
\ HN 

15 
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-continued 

EXAMPLE 8 

[0178] 4-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen-8-yl) 
2-iodo-phenol: 4-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen 
8-yl)-phenol (500 mg, 0.002 mmol) Was dissolved in metha 
nol (10 mL) followed by addition of NaI (368 mg, 2.45 
mmol) and NaOH (98 mg, 2.45 mmol). The solution Was 
cooled to 0° C. folloWed by dropWise addition of NaOCl 

(5.25% aq, 3.8 ml) over 3 minutes. The reaction mixture Was 
stirred at 0° C. for 1 hour folloWed by Warming to room 

temperature and quenching With sodium thiosulphate (satu 
rated. aq., 6 ml). The pH of the reaction Was adjusted to ~7 
by addition of sodium dihydrogen phosphate. The solution 
Was extracted With CH2Cl2. The organic layer Was dried and 
concentrated. The residue Was puri?ed on silica gel (10%—> 
60% EtOAc in hexane) to give 4-(6,7-dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-2-iodo-phenol. 

[0179] LC-Mass (ES): [M+1]+ calc’d for C15H13IN3O, 
378; found, 378. 

[0180] 2-[5-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen-8 
yl)-benZofuran-2-yl]-ethanol: 4-(6,7-Dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-2-iodo-phenol (440 mg, 1.17 mmol), 
homopropargyl alcohol (147.3 mg, 2.1 mmol) and triethyl 
amine (295 mg, 2.92 mmol) Were dissolved in DMF (15 ml). 
To this solution Was added copper (I) iodide (66.3 mg, 0.34 
mmol) and bis-triphenylphosphine palladium (II) chloride 
(81.9 mg, 0.117 mmol). The reaction Was ?ushed With 
nitrogen and heated at 65° C. for 12 hours. Solvent Was 
removed under reduced pressure and the residue puri?ed on 

silica gel (10%-75% EtOAc in hexane) to give 2-[5-(6,7 
dihydro-5H-1,4,8a-triaZa-s-indacen-8-yl)-benZofuran-2-yl] 
ethanol. 

[0181] [M+1]+ calc’d for C19H18N3O2, 320; found, 320. 

[0182] Methanesulfonic acid 2-[5-(6,7-dihydro-5H-1,4, 
8a-triaZa-s-indacen-8-yl)-benZo-furan-2-yl]-ethyl ester: To a 
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room temperature solution of 2-[5-(6,7-dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-benZofuran-2-yl]-ethanol (200 mg, 
0.91 mmol) in CHZCl2 (10 ml) Was added triethylamine (303 
mg, 3 mmol) and methanesulfonyl chloride (525 mg, 4.56 
mmol). The mixture Was stirred at room temperature for 30 
minutes. Water Was added to the reaction and the organic 
layer separated. The aqueous layer Was eXtracted With 
CHZCl2 and the combined organic eXtracts Were dried and 
concentrated to give methanesulfonic acid 2-[5-(6,7-dihy 
dro-5H-1,4,8a-triaZa-s-indacen-8-yl)-benZo-furan-2-yl] 
ethyl ester, Which Was used in the neXt reaction Without 
further puri?cation. 

[0183] [M+1]+ calcd for C2OH2ON3O4S, 398; found, 398. 

[0184] 8-{2-[2-(2-Methyl-pyrrolidin-1-yl)-ethyl]-benZo 
furan-5-yl}-6,7-dihydro-5H-1,4,8a-triaZa-s-indacene: Meth 
anesulfonic acid 2-[5-(6,7-dihydro-5H-1,4,8a-triaZa-s-in 
dacen-8-yl)-benZo-furan-2-yl]-ethyl ester (0.085 mmol) Was 
dissolved in acetonitrile (2 ml) folloWed by addition of 
2-methylpyrrolidine (0.85 mmol) and potassium carbonate 
(0.425 mmol) and heated to 70° C. for 24 hours. The reaction 
Was cooled, ?ltered and concentrated. The residue Was 
puri?ed via preparative HPLC to give the title compound. 

[0185] [M+1]+ calc’d for C24H27N4O, 387; found, 387. 

EXAMPLE 9 

[0186] 

[0187] 1-{2-[5-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen 
8-yl)-benZofuran-2-yl]-ethyl}-pyrrolidin-3-(S)-ol: Methane 
sulfonic acid 2-[5-(6,7-dihydro-5H-1,4,8a-triaZa-s-indacen 
8-yl)-benZo-furan-2-yl]-ethyl ester (0.085 mmol) described 
above Was dissolved in acetonitrile (2 ml) folloWed by 
addition of 3-(S)-hydroXypyrrolidine (0.85 mmol) and 
potassium carbonate (0.425 mmol) and heated to 70° C. for 
24 hours. The reaction Was cooled, ?ltered and concentrated. 
The residue Was puri?ed via preparative HPLC to give 
1-{2-[5-(6,7-Dihydro-5H-1,4,8a-triaZa-s-indacen-8-yl)-ben 
Zofuran-2-yl]-ethyl}-pyrrol idin-3-(S)-ol. 

[0188] [M+1]+ calc’d for C23H25N4O2, 389; found, 389. 
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EXAMPLE 10 

N 
OCH3 

O 

\ 

/N\N \ 
Q / 

N 

[0190] 8-12-[2-(2-(S)-MethoXymethyl-pyrrolidin-1-yl) 
ethyl]-benZofuran-5-yl)-6,7-dihydro-5H-1,4,8a-triaZa-s-in 
dacene: Methanesulfonic acid 2-[5-(6,7-dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-benZo-furan-2-yl]-ethyl ester (0.085 
mmol) described above Was dissolved in acetonitrile (2 ml) 
folloWed by addition of 2-(S)-methoXymethylpyrrolidine 
(0.85 mmol) and potassium carbonate (0.425 mmol) and 
heated to 70° C. for 24 hours. The reaction Was cooled, 
?ltered and concentrated. The residue Was puri?ed via 
preparative HPLC to give the title compound. 

[0191] [M+1]+ calc’d for C25H29N4O2, 417; found, 417. 

[0189] 

EXAMPLE 11 

@, 

[0193] 8-{2-[2-(2-(R -MethoXymethyl-pyrrolidin-1-yl) 
ethyl]-benZofuran-5-yl -6,7-dihydro-5H-1,4,8a-triaZa-s-in 
dacene: Methanesulfonic acid 2-[5-(6,7-dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-benZo-furan-2-yl]-ethyl ester (0.085 
mmol) described above Was dissolved in acetonitrile (2 ml) 
folloWed by addition of 2-(R)-methoXymethylpyrrolidine 
(0.85 mmol) and potassium carbonate (0.425 mmol) and 
heated to 70° C. for 24 hours. The reaction Was cooled, 
?ltered and concentrated. The residue Was puri?ed via 
preparative HPLC to give the desired 8-{2-[2-(2-(R)-Meth 
oXymethyl-pyrrol idin-1-yl)-ethyl]-benZofuran-5-yl}-6,7 
dihydro-5H-1,4,8a-triaZa-s-indacene. 
[0194] [M+1]+ calc’d for C25H29N4O2, 417; found, 417. 

[0192] 
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EXAMPLE 12 [0196] 8-{2-[2-(3-(R)-Dimethylamino-pyrrolidin-1-yl) 
ethyl]-benZofuran-5-yl}-6,7-dihydro-5H-1,4,8a-triaZa-s-in 
dacene: Methanesulfonic acid 2-[5-(6,7-dihydro-5H-1,4,8a 
triaZa-s-indacen-8-yl)-benZo-furan-2-yl]-ethyl ester (0.085 
mmol) described above Was dissolved in acetonitrile (2 ml) 

I followed by addition of 3-(R)-dimethylaminopyrrolidine 
N\ (0.85 mmol) and potassium carbonate (0.425 mmol) and 

heated to 70° C. for 24 hours. The reaction Was cooled, 
N ?ltered and concentrated. The residue Was puri?ed via 

preparative HPLC to give 8-{2-[2-(3-(R)-Dimethylamino 
pyrrol idin-1-yl)-ethyl]-benZofuran-5-yl}-6,7-dihydro-5H 
1,4,8a-triaZa-s-indacene. 

[0195] 

O 

\ [0197] [M+1]+ calc’d for C25H3ON5O, 416; found, 416. 

[0198] The following compounds Were prepared accord 
ing to the procedures described in Scheme 3. 

[M + 1]* 

Structure Chemical Name Calculated [M + 1]* Found 

O N 

8-[2- (2-Pyrrolidin-1-yl- 373 373 
ethyl)—benzofuran—5— 

1,4,8a-triaZa-s 
indacene 

8-[2- (2-Morpholin-4- 389 389 
yl—ethyl)—benzofuran— 

1,4,8a-triaZa-s 
indacene 
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-continued 

[M + 1]* 
Structure Chemical Name Calculated [M + 1]* Found 

8-[2- (2-Piperidin-1-yl- 387 387 
ethy1)—benzofuran—5 — 

1,4,8a-triaZa-s 
indacene 

[0199] 
-continued 

H 
/N 

Sdmmsil O O N 

| / NH2 
O O NaH 

HO \/ + \ —> 0/ 
THF AcOH 

1000 C. 
O O 
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-continued 
THP 
\O 

Cl 

N\ B 

mo HO/ \OH Pd(Ph3P)4 
/ / Na2CO3 

N Toluene 
80°C. 

THP 

EXAMPLE 13 

[0200] 4-Oxo-tetrahydro-furan-3-carboxylic acid methyl 
ester. To a stirred slurry of sodium hydride (1.67 g, 60% in 
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mineral oil, 44.0 mmol) in dried ether Was added With ethyl 
glycolate, dropWise over 15 minutes. The reaction Was 
Warmed up to room temperature for 30 min While stirring 
and concentrated in vacuo to provide White solid. The solid 
Was treated With methyl acrylate (4.16 g, 49 mmol) in 
DMSO (20 mL) at 0° C. for 15 minutes and room tempera 
ture for 45 minutes. The mixture Was poured into 5% HZSO4 
and extracted With ethyl acetate. Organic layer Was Washed 
With brine, dried over Mg2SO4 and concentrated to give 
4-oxo-tetrahydro-furan-3-carboxylic acid methyl ester as a 
colorless oil. 

[0201] MS (ES): [M—1]_ cal’cd for C6H7O3, 143; found: 
143. 

[0202] 5H,7H-6-Oxa-1,4,8a-triaZa-s-indacen-8-ol: Using 
the method described for the preparation of 6,7,8,9-Tetrahy 
dro-5H-1,4,10a-triaZa-cyclohepta[f]inden-10-ol, the reac 
tion of 4-oxo-tetrahydro-furan-3-carboxylic acid methyl 
ester and 2H-pyraZol-3-ylamine in acetic acid provided the 
desired 5H,7H-6-Oxa-1,4,8a-triaZa-s-indacen-8-ol. 

0203 MS ES: M+1 ’' calc’d for C H N O , 178; 8 8 3 2 

found: 178. 

[0204] 8-Chloro-5H,7H-6-oxa-1,4,8a-triaZa-s-indacene: 
Using the method described for the preparation of 
10-chloro-6,7,8,9-tetrahydro-5H-1,4,10a-triaZa-cyclohepta 
[f]indene, the reaction of 5H,7H-6-Oxa-1,4,8a-triaZa-s-in 
dacen-8-ol and phosphorus oxychloride provided the title 
compound. 

[0205] MS (ES): [M+1]+ calc’d for C8H6ClN3O, 196; 
found: 196. 

[0206] 8-[4-(Tetrahydro-pyran-2-yloxy)-phenyl]-5H,7H 
6-oxa-1,4,8a-triaZa-s-indacene: Using the method described 
for the preparation of 10-(4-benZyloxy-phenyl)-6,7,8,9-tet 
rahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene, the reaction 
of 8-Chloro-5H,7H-6-oxa-1,4,8a-triaZa-s-indacene and 
4-(Tetrahydro-pyran-2-yloxy)-phenyl boronic acid provided 
the title compound. 

[0207] MS (ES): [M+1]+ calc’d for C19H2ON3O3, 338; 
found: 338. 

[0208] 4-(5,6,7,8-Tetrahydro-pyraZolo[5,1-b]quinaZolin 
9-yl)-phenol: 8-[4-(Tetrahydro-pyran-2-yloxy)-phenyl]-5H, 
7H-6-oxa-1,4,8a-triaZa-s-indacene (500 mg, 2.5 mmol) Was 
suspended in methanol and added With p-toluenesulfonic 
acid (50 mg) Was catalyst. The mixture Was stirred at room 
temperature for 2 hours and concentrated in vacuo. The 
residue Was carried on to the next reaction Without puri? 
cation. 

[0209] 8-[4-(3-Chloro-propoxy)-phenyl]-5H,7H-6-oxa-1, 
4,8a-triaZa-s-indacene: Using the method described for the 
preparation of 10-[4-(3-Chloro-propoxy)-phenyl]-6,7,8,9 
tetrahydro-5H-1,4,10a-triaZa-cyclohepta[f]indene, the reac 
tion of 4-(5,6,7,8-tetrahydro-pyraZolo[5,1-b]quinaZolin-9 
yl)-phenol and 1-bromo-3-chloropropane provided the title 
compound Which Was used Without further puri?cation. 

[0210] 8-{4-[3-(2-Methyl-pyrrolidin-1-yl)-propoxy]-phe 
nyl}-5H,7H-6-oxa-1,4,8a-triaZa-s-indacene: Using the 
method described for the preparation of 10-{4-[3-(2-Methyl 
pyrrolidin-1-yl)-propoxy]-phenyl}-6,7,8,9-tetrahydro-5H-1, 
4,10a-triaZa-cyclohepta[t]indene, the reaction of 8-[4-(3 
Chloro-propoxy)-phenyl]-5H,7H-6-oxa-1,4,8a-triaZa-s 
indacene and 2-methyl-pyrrolidine provided compound. 

[0211] MS (ES): [M+1]+ calcd C22H27N4O2, 379; found: 
379. 






















